Modulation of aryl hydrocarbon receptor-regulated gene expression by arsenite, cadmium, and chromium.
Aryl hydrocarbon receptor (AhR) ligands and heavy metals are environmental co-contaminants and their molecular interaction may disrupt the coordinated regulation of AhR-dependent phase I and II drug metabolizing enzymes. To determine the effect of heavy metals on the AhR-regulated genes: cytochrome P4501A1 (Cyp1a1), NAD(P)H: quinone oxidoreductase (QOR) and glutathione S-transferase Ya (GST Ya), murine hepatoma Hepa 1c1c7 cells were treated with increasing concentrations of As3+ (1-10 microM), Cd2+ (1-25 microM) and Cr6+ (1-25 microM) with or without the AhR ligands: 2,3,7,8-tetrachlorodibenzo-p-dioxin (0.1 nM), 3-methylcholanthrene (0.25 microM), beta-naphthoflavone (10 uM), or benzo[a]pyrene (1 microM). Our results show that AhR ligands alone and As3+ or Cd2+ alone increased the catalytic activities and mRNA levels of all AhR-regulated genes. When metals were co-administered with an AhR ligand, all three metals inhibited the induction of Cyp1a1 activity by the AhR ligands but potentiated its mRNA and protein expression. In addition, all metals enhanced QOR and GST Ya at the activity and mRNA levels but modulated their induction by AhR ligands in a concentration, metal, and AhR ligand-dependent manner. Generally, Cr6+ inhibited while As3+ and Cd2+ potentiated the induction of QOR and GST Ya activities and mRNA levels. The three metals enhanced the expression of heme oxygenase-1, which coincided with the changes in the phase I and phase II enzyme activities. These results show that the ability of metals to alter the capacity of AhR ligands to induce the bioactivating phase I and the detoxifying phase II enzymes will influence the carcinogenicity and mutagenicity of the AhR ligands.